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Mass Spectra of Deuteroacetylenes, Monodeuterobenzene,
and Deuteronaphthalenes
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Mass spectra at 70-volt ionizing voltage have been measgred for CiHy O:HD, C:Dy,

Calle, Cg Hi

N C:an, CuH'.'D, Hl'id for a ]'I'IiKt:ll'l'E Uf G]uDa Hl'ld C]uHD?.

In seetylens, hangens,

and naphthalene 1t is posaible to0 measure the isotepic purity at ionising voltages helow the
appeprance potentisl of Bny fragment fons and to eorrect the observed speates of monodewters

compounds for faotople Inoparity.

For
removing the D atom.
ia no guch seleativity

HD the probstility of removing the H atom is oearly twice 83 great as thet of
In monodegtero bensena and naphthalena, on the othar hend, there
and it is possibia o compute the spectra of the monodedtarns compounds

on the basis of equal Gf?rfoﬁ: probehility of removing a singlea H or D atom. By acsnmlng

that equal probability helds for douhl
tra ¢sn be computed from the cheerve

charged ions, the completa doubly chayged lon spec-
h&lf-iﬁfteger peake. SE.milarl:!.r. the spectra of Tl

and C, HD; are computed from & spectrum of B mixture of the two compounds,

1. Introduction

There have heen a number of papers published on
the mass spectra of the simpler hydrocarbons con-
taiming one or more deutarium atoms {1, 2, 3] In
compounds containing both I and H, the probabil-
ity of removing H is greater and that of removing
I} 1z Jess than the me:,bilit.jr of removing H in the
hydrogen compound. Thus in CH;D [3], the prob-

mt{l;f removing H is increased by a factor, 1.18,

and that of removing D) is decrensed by a facter,
0.45, ae compared with the ¢ prisri probabilities of
removing H or D. In neraf: in compounds con-
taining two or more carbon atome with several H
atoms on each carbon atom, it is impossible to pre-
diet what the spectrum will be when one deuterium
atom Is in a piven position in the molecule.
_ This paper deals with three hydrocarbons contain-
ing only one H aiom on each carbon atom,. - These
spactra, were studied in the expectation that they
would be simpler to interpret tll:]an masz specira of
compounds containing several H atoms on sach
carbon atom.

Because the mass specira of menodeutero hydro-
carbons cannot be predicted, it is in general not
feasible to measure the isotopic purity from the mass
gpactra obtained under standnrti‘ conditions with 50-
or 70-v ionizing potential. Wagner and Stevenaon
(4] have pointed out that one can obiain a direct
messerement of igotopic purity at an ionizing poten-
tial so Jow that only the inolecule ions nre produced.
In most hydrocarbons this requires u potential with-
in a wvolt or two of the firsl lonization potential,
and the sensitivity is very low. However, in acet-
¥lene, benzene, and naphthalena the molecule ions
are very stable, aund & or 6 v in excess of the first
ionization potentinl are required to produce ions
with one H atom removed. This permits an acen-
rate meaavrement of igotopic purity and an unam-
biguons derivation of the monodeutero spectra of
thess compounds.

Mase spectra wers measured with & model 21-102
Consolidated mass spectrometer, using standard

| Figorer in bracketa [ndicate] the Lierntrrs references ad the end of this paper.
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_gontamination but did not eliminate it.

operating conditions and an ionizing potential of
70 v for the spectra tabulated. For the purity
messnretnents st low lopizing potential, the ion
drawout voltags was supplied by a battery instead
of uging the standard circuit.

2. Deuteroacetylenes

The suthors hava previously published masa epec-
tre of deuteroacetylemes [5]. The measurements
have heen repented, and the C,HD sgectm are conm-
sidered more gocurate than before. C,H; was made
by the regetion of distilled water on commercial cal-
oium carbide, and C;D; waz made by tha reaction of
D0 on caleiom carbide. Commercial calcium car-
kide containa some calcium hydroxide from contact
with atmospheric moisture, and this contamimates
the DyO product gas with CoHD, Prelonged baking
of the carbide in & vacuum at 700° C reduced thie
T]lE- U'gDa
contained 1.7 percent of (GHD. The C;HD con-
tribution was subtracted from the observed spectrum,
using the pattern given in table 1 in the fine! approz-
mation.

TasLe 1. Meoss spectra of acelylenss
Ly, CHD il
Telative Relutlve Relntiwh
et | ntemsity b jtensdpy Too | jnioqaity
Lo 00 CrHI ]ﬁ . Lol YU 100
CaH iy || CiDrtae... Wy
L. .02 i 8. 49
CHaR g.g oo | oS
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I R | Y
Sangitivity. RSN | R—— S
& Valipes In uthwass ave orbpubed on the seqmmpilon thet donbly charged
icor glve ag contributlons in throo apsiire,

C,HD was not meade, but a mixture of acetylenes
with about two parts of DO and one part of HO
reacting with carbide was mede. The relative



amounts of CoH, C,HD), and C.I): were measnred
at o voltage below the appearnnce potentizl of C,D+
from C.HD and CiDa, usch, Hustrulid, and Tate
[6] give the appearance potentials of CoH;t and C,H*
a3 11.2 and 17.8 v. It was verified that the appear-
ance potentiais of C;H;™ and C;Dy* are saqual within
experimental error and that the ionization efficiency
eurves are identical. The ionizing voltage was set
just below the appearance potential of C;H' of C,H,
and C;D* of CiD)y and ths ratios of the peaks of
masses 26, 27, and 23 in the mixture were measured.
The contributions of CyH; and D, were subtracted
from the mixture apectrum, using the patterns given
in table 1.

Table 1 givea the spectra of the three acetylenes at
TO-v ignizing potential with the contributions of C)z
" ipotopes subtracted. These spectra are nesrly iden-
tical with spectra previously published by two of the
authors [6]. In the C,HD spectrum, the won CLHD
at 13% iz 2.70 percent of the maximum peak, Tt js
assymed that in OH; and C,I); doubly charged ions
make an #gual contribution to the peaks at mje 13
and 14, reagﬂeetivel}r, and 2.70 has been subtracted
from the cvbeerved relative intensity to derive the
values of CHY and CD™.

The relative intensities in the spectra of CoHa and
W0y are similer but not identical. The gensitivities
(purrent per unit pressure) for the molecule ions are

ual within experimental error, and the sum of the
relative intensities of all the ions is slightly less in
the deuterated compounds. Similar rclations ha-
tween hydrogen compounds and deuteriom com-
pounds are found in methane [3], ethane, and diborane

7.

In C.HD tha o prieri probabilities of removing H
and I} are equal, but the observed ratio C,D;::"‘Ef]:["‘
iB nearly 2 {accurately 1.92), The sum of the two
peaks, 22.4, is intermediate between O,H+ and C,D+
in the other two aspectra. The ratio CDHCHY=
1.20, and the sum of the relative intensities for the
two ions, 4.14, iz nearly egual to CH* of C.H,.
Thue, when sontributions of ions contsining one D
and one H are added, the whole spectrum %ecomes
much like C;H;, and the sum of all the ions i3 nearly
equal to the sum for C;H;. The sensitivities arc
alzo nearly equal, but the experimental uncertainty
is rather large for OYHD, as U;HDY was less then a
third of the mixture analyzead.

3. Monodeuterchenzene

CoHD was made hy a Grignard reaction, and an
isotopic analysie of t.{e product gas was made at
low voltage. Hustrulid, Kusch, and Tatae j8] found
the appearance potentials to bo 9.8 v for C.H,*™
and 14.5 v for CyH,*. Using ordinary benzene, the
ionizing voltage was set below the appearance polen-
tial DF%BI'I{". With this ionizing va?t.age the inten-
gity of the 78 peak in the deuterated benzene relative
fo the 79 }bea.k ives & =ensitive measurement of the
amount o C,}El in the C,H, I} The sample used
contained 3.2 percent of C.H, and 96.8 percent of
CyH:D, with no evidence of any other impurities

Column 3 of table 2 gives the spectrum of C,H. D

at 70-v ionizing voltage. Thie spedtrum has been
corrected for :ﬁa contributions of 4 and CH; to
the observed spectrum. Column 2 gives tha CJH,
spectrum measured under zimilar ¢onditions, Val-
nos marked with letter “a™ are eorrected for the con-
tribution of doubly charged ions computed on a basis
tlescribed later.

Taste 2. Mass spedra of bengene and monodevlerobiensene
Benalflvity relative to the 43 pealr of #-botans (78 of CuHe, 134 78 of CyHID, 138},
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= Valpen oirrected for denkdy sharzed jons.

Clolumn 4 of table 2 pives rmelative intensities
vomputed from those of g s 0on the sssumption
that there is equal probability of removing an H
or D atom in forming n fragment jon. Thus, when
one of six equivalent atoms iz removed, as in form-
ing C HF from CyH, or OyHy and GILDY from
élﬁ-l.;.D, the relative mtensities on this assumption
are 6:1:5, The observed fact that the 78 pesk
(CHD®Y of CHD is almest exactly 5/6 of the
77 peak (C,HFY of G, is & strong indicetion that
the probabilities are equal. This is in marked
contrast to the case of monodeutero acetylene,
where the C.D* peak is nearly twice the C,H*
cnk.
P The remaining computed relative intensities in
table 2 were gﬁtajne by extending the compu-
tation in & simple manner. When there are six
equivalent atoms, cne of which is I, the chance
of removing D is 1/6, if one atom is removed;
/5, if two are removed: 3/6, if three are retnoved,
ete., and the chance of removing only H's is, of
couras, 1 minus the shove fractions. These rela-
tions are assumed to hold when carbon-carbon
bonds arc broken, as well as when only C—H
bonds are broken.

In the C,H:D spectrum most of the peaks con-
tain contributions from iwo jons. For zxample,
at masg 77 thers in CyHf (computed intensity
1/6%13.8=2.230", snd OH,D* (computed inten-
gity 2/3x4.22=2.87), giving & fo cotmputed
intonsity of 5.11 as eompared with 4.46 obzerved,

It will be noted in table 2 that the apreement
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of computed and observed intensities is least satis-
factory for (y ions containing one to four hydrogen
stoms, However, in most of the benzene aspee-
trum the ebserved O;H,ID gpectrum is in very
gatisfaetory agreement with the computed spoc-
trum. Peaks 28, 27, 15, and 14 in the CH, spectrum,
corresponding to ioms C:HY, GHF, CHF, and
CHy, involve resrrengements of H atoms in the
ionization process, o wgrecrment beiweon ob-
served and computed intensitics in the CH,D
spectrum is just as good in these cases as in cases
where simple diseociation is involved.

The observed peaks 37, 38, and 3% in both C.H,
and C,H;I} spectrn contain contributions from
doubly charged ions of mass 74, 76, and 75. Doubly
charged ions of odd mass number give half-integer
peaks and are observed, while ionz of cven masa
number eoincide with peaks of singly charged ions.
On the hasis of results in table 2 it seems safe to
assume that doubly charged ions in the two spectra
are also related by simple & priori probability
considerations. If this is assumed, the observed
helf-mieger peaks in the two spectra permit com-
putations of the compleic doubly charged don
spectra of both molecules.

The data are shown in tabla 3, where the valuesa
in parentheses are computed valees. The 38%
peak of CoH D is the doubly ch molecule
o1, and it is assumed that in the s spectrum
C:H)* makes an equal contribution to the 39
peak, The 384 gea of CHy 18 CHFY. The
ton C,H,D* and CHF* of the monodeniero
compound are assumed Lo be 5/ and 16 of the
first peak, or 0.31 and 0.06. The 384 peak of
CoHGD is 1.79, and it comes from CH,D* and
OoHy *.  Subtracting the computed value of CoHF *
ﬁi‘&"es CyH, D e 1,73, O HF T of CH;D will

e 1/2 of 1,73, and C,H* of OgH, will be 3/2 of
1.73. Si.mi]arg, CyHi+ of CH; gives the CyH.D**

peak of C,H,D, and the CHD¥* peak of C,H,D
Tavie 3. Doubly chovged fons of CyH, and CH,D
Oboerved maluEs
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gives CeHF* of -CgH;. There ure two checks on
these computatibns. The small 264 peaks are in
the ratio & to 5 ns expected, and the 39% peak of
C,H; containing ene O atom is of the expected

nitude. Frem the data of table 3, contri-
butions to the 37, 38, and 3% peaks of both spectra
are computed, and the corrected singly charged
ton spectra of table 2 wre derived. It is to be
noted that % isotope corrections to the originsl
date have to bec recomputed by use of successive
approximations to include eontributions from doubly
c]l;arged iohs.

4 Deutemﬁuphthulenas

Naphthalene, CH,, consists of twe henzene rings
with two carbon atoms in common, and there is a
difference in chemical bonding of the four H atoms
adjacent to the central carbon stoms (the alpha
positions) ps compared to the other four atoms
{heta positions). William G. Danben, Depariment
of Chemistry, University of California, furnished
samples of alphs menodentere naphthalens and of
perdentere naphthalens. A compartison spectrum
of ordinary naphthalene was obtained with an NBS
Standardrgample. )

In naphthelene, az in benzene and ecelylene, one
can meko accurate measurements of fhe relative
sbundance of isotopes at a potential below the
appearance potential of the ion CH. This is over
5 v ahove the appearance potential of the molecule
ion, but there are no published date on thiz. The
CGH:D sample contamed 3.30+£0.05 pereent of
C\oH;, and the CI); sample contained 13.4 percent
of C,,.;H and 1 percent of C,y)DH;. The naphtha-
lenes were of good chemical purity, except for a trace
of water. The affect of water is magnified becausa
the vapor pressure of naphthalene ia much less than
that of water. The naphthalens iz adsorbed to some
extent in the inlet system, and the different isotopie
gsamples were run on different days after pumping
overnight to avoid contamination of one sample by
angther. These circumstances meake experimental
errora somewhat grester than for the benzenes.

Table 4 gives in the firat three columns the mass
spectra of C,cHy and C\H;I} corrected for the CH
contribution, for 3.3 percent of CyH, in the mono-
deutero compound und for doubly charged ions.
The & prieri probability of removin§ H and not D
from O, H.D iz 7/8, and C,H,D¥ (mass 128) is
slmost cxactly 7/8 of CyHi of (,H;. The fourth
coluron gives velues computed from the CyHg
spectrum purely on the basis of & priori probabilities
of removing H and not D and of removing D. The
probabilities of removing two to seven H atoms are
3/4, 5/8, 1/2, 3/8, 1/4, and 1/8, nnd the probabilities
of removing D are given by 1 minus thesa fractions.
As in the cage of Zope, approximate eament
iz found in all cases and apreement well within
experimental error in two-thirde of the cases. The
fact that the eight H atoms are not chemically
equivalent does not seem to be a complication.
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Doubly charged ions eontribute to many of the
peaks of meas 64 and lees, and some of the corTections
are larpe. Tabla 5 givea the doubly charged ion
spectrum of CH; and CH:I} computed from the
observed hali-integer peaks in both spectra, assuming
the spectra are related purely by ¢ priori probability

TsrLE 4. Mazs gpecire of nophffalenes, Oy and OHD

considerations. -This .18 probably not aecurately
true, as two peaks computed on another basis give
slightly different values. The 64 peak of O H; i=
mostly CHF* and is definitely smsller than
ChHl;D**. The CHY* peak of C)H; i3 computed
from the C, isotope of this fen and sesin is
somewhat less than CgE[gDH+03H¢++ of the deutero
cmpﬂund. Table 5 cmits some small peaks of less
[ ;1. '
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can disregerd the coniribuiion of 1 percent of
C]gDﬂHﬂ to the E-pﬂﬂ-t:rum. In the DmDa 31}3[:'3]'1.1]]],
only penks of even mass number will appear after
correction for C¥% and doubly charped ions. The
odd-integer peake come from the C :H fragment.
ions that contain H and from doubly charged ions,
whareas half-integer peaks come only from doubly
chm'%ad ions conteimng H. These considerations
should permit. com}}utauan of the singly and doubly
charged epectra of both compounds. In pructice,
however, the half-integer peaks gre very emall, and
computations of dﬂuehﬁy charged spectra are inac-
curate. For this reason, data on doubly charged
fragment ions and on singly charged ions contaimng
five or four carbon atome are omitted. Al=o, for
brevity, the small peaks containing scven carbon
iong are gmitted from tabla 6.

In table 6 ions are identified by the chemical
formulas to facilitate comparison of corresponding
iong. Columnz 1 and 2 repeat from table 4 the
CpH; spectrum.  Columns 3 and 4 give the observed
CpDy; spectrurm after correction for the contribu-
tion of Oy, ID-H to this s%mt.rum. Clolumns § and
6 give the obaerved CD;H peaks of ions containing
H, nermalized to make the C,;DhH peak 100 (actually
it 8 16.79% of Oply). Column 7 gives values of
these peaks computed from the C,D)y spectrum,
and columns 8 and 9 give the computed values of
the ions containing ) but not H,

The procedure in making computations can be
illustrated by the second lne of data in table 6.
The obgerved Cul}.H* peak is 6.04 relative to
C-H*, and O, INt of C,)IH will he 1/7 of this,
or 0.9¢. 15.7 percent of thiz, or 0,16, is to ba sub-
tracted from the 134 peak to give OuDy* of 4Dy
pa 7.90. The computed value of CypDH i8 7/8 of
thie, or 6.92, in accurate ement with the observed
value 8.94. Tahle 6 includes the doubly charged
molecule ionz. Oyt 18 computed on the bhasis of
the 68 pesk, with o small correction for CD*.
O, Dt iz assumed to be equal to OH,D of Oy H,D
{table 4}, or 0.16.

In pencral, observed and computed walues of
columns 6 and 7 are not sccurately equal, but exper-
imental unecertsinticz are large becavse CpINH is
unily__'[ 16 percent of Ol e differcnce hetween
C ot and C,Dt* is probably a real difference,
O+, CuDHY, and O H, DV are all aqual to
12,0 within experimential error.

5. Conclusion

The spectrum of C;HD resembles spectra of other
hydrocarbona containing hoth H a,ng I} that have
been studied previouvsly, in that it show= a strong
selective effect for removing H in preference to D.
In C;HD the probability of removing H a2 compared

with the probability of removing I’ s 1,92, 1In the -

denteromethanes the ratios are 2.6 times the & griort

robability for CH,D, 2.6 for CH.D;, and 1.6 for
%HDB. he result obitained with acetylene shows
that this selectivity does not depend on having H
and P atome on the same carbon atom,

It ie surpeising to find that this selective effect is
absent or v gmell in CH I and OHD. The
probability of remgving H and not D from these
molecules is almoat exactly equal to the e prior
probabilities, and the complete spectra of CP,I-I,,,D
a#nd C,;H;E can be computed from C,H, and C,;H,;
gpectra. The agreement with experiment is not

fect, but the method gives a good approximation.

he results justify computation of the spectra of
D and Cy Y5H from 2 mizture of £6 percent of
the first compound and 13 percent of the second
compound. In most hydrocarbons there is ro basis
for making such w computation. There is a signifi-
catit difference between corresponding meass peaks
of CigHy and C,Dy, which is comparable with the
difference between O,H, and Oy, and CH, and
CD, j3], and C;H, and C:D, [7]. The probability
of losing I stoms is less than that of losing H atoms,
hut fragment ions involving breaking of %-C bonds
may be either greater or less in the dewrtero compound.
oasibly the abzence of s selective isotope effect
in benzene and napthalene is corrclated with the
evidence that there seems to ba & complete rearrange-
ment of atoms in any ionization process invelving &
benzene T Thia is ilustrated by the mass
apectra of the four monodeuteromethyl henzene
molecules that heve been published in the APT
catalog of mess spectral data [11]. There is no
significant difference between the molecules with D
in the three different ring positions, However, tha
methylbenzene with D) in the methyl radical differs
from the other compounds in A manner consistent
with ita structure, and CH,D* is large and C.HD*
small or absent when I} iz in the methyl group, It
is also true that when two or more methyl radicals
are attached to the benzene ring their relative
positions maka vary little diffarence in tha resulting
mass gpectre of the isomerie moleculea. This is not
an explanation of the nesrly random loss of H and
I} from aromatic rings, but only & suggestive
correlation,
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